1. Introduction
===============

Type 2 diabetes mellitus (T2DM) is a serious public health issue, and is now the third-leading cause of disease-related mortality worldwide. In 2017, approximately 451 million adults aged between 18 and 99 years suffer from diabetes, and this number is predicted to increase to 629 million by 2045.^\[[@R1]\]^ Macrovascular and microvascular complications are primary causes of T2DM-related mortality.^\[[@R2]\]^ Diabetic kidney disease (DKD) is a microvascular complication that is highly destructive and a commonly observed complication of T2DM and a major cause of end-stage renal disease. The overall median prevalence of chronic kidney disease (CKD) in patients with T2DM is 10.8% (range, 10.2%--11.3%); presently, there are an estimated 119.5 (range, 112.9--125.0) million patients with CKD in China.^\[[@R3]\]^

Various biomarkers have been identified for the diagnosis and prognosis of diabetic nephropathy^\[[@R4]\]^ including high-sensitive C-reactive protein, C-peptide, and total bilirubin. In patients with T2DM, these biomarkers indicate microvascular damage^\[[@R5]\]^ and are reported to be associated with increased microangiopathy.^\[[@R6]\]^ Plasma total homocysteine (tHcy) is elevated in patients with T2DM^\[[@R7]\]^ especially among those with microalbuminuria.^\[[@R8]\]^ Hyperhomocysteinemia, occurring in approximately 85% patients with CKD because of altered renal metabolism and impaired renal excretion,^\[[@R9]\]^ is a risk factor for diabetic retinopathy as well as for cardiovascular disease, and it has become a topic of research.^\[[@R10]\]^

Several studies have reported an association between increased plasma tHcy levels and DKD; however, few have focused on the relationship between tHcy and diabetic nephropathy risk in patients with T2DM aged ≥75 years. Therefore, the present study aimed to summarize the present data for providing more robust evidences of the potential relationship between plasma tHcy levels and the risk for DKD in older patients with T2DM.

2. Methods
==========

2.1. Study participants and study design
----------------------------------------

A total of 221 Chinese patients with T2DM aged ≥60 years (101 males and 120 females) were included. Of the total, 59 were aged ≥75 years (30 males and 29 females). All patients received treatment at the Department of Endocrinology and Metabolism at our hospital from July 2019 to December 2019. T2DM was diagnosed according to the following criteria, which was recommended by the 2014 guidelines of the American Diabetes Association^\[[@R11]\]^ fasting glucose level of ≥7.0 mmol/L, glycated hemoglobin concentration of ≥6.5% or postload plasma glucose concentration of ≥11.1 mmol/L (2 hours, 75 g oral glucose tolerance test). Patients were divided into 4 groups as follows: group A (microalbumin/Cr ratio \[UmALB/Cr\] \< 30 mg/g), group B (30 mg/g ≤ UmALB/Cr ≤ 300 mg/g), group C (UmALB/Cr \> 300 mg/g), or group D (Cr \> 97 or \> 73 μmol/L for males vs females, respectively). Each participant was asked to answer a detailed questionnaire regarding drug use, disease history, smoking history, and alcohol consumption. The exclusion criteria were as follows: age of \< 60 years; prior diagnosis of type 1 diabetes, Cushing syndrome, thyroid disorders, or cancer; systemic corticosteroid treatment, lipid-lowering drugs, or hypertension medications; acute or chronic viral hepatitis; liver, renal, or heart failure; infection or inflammation and pregnancy. Because the cohort comprised older patients with T2DM, chronic diseases such as hypertension and coronary heart disease were not regarded as exclusion criteria. The study protocol was approved by the local Medical Ethics Committee, and the study was conducted in accordance with the tenets of the Declaration of Helsinki. All patients were provided an explanation of the study, and each patient provided written informed consent.

2.2. Patients' basic clinical characteristics
---------------------------------------------

Anthropometric data including weight, height, waist circumference (WC), and hip circumference (HC) were collected by nurses. The waist-to-hip ratio (WHR) was calculated by dividing WC by HC. Before measuring the blood pressure, each patient was instructed to rest for at least 10 minutes while seated. Blood pressure was measured in triplicates using an electronic sphygmomanometer (Omron Corporation, Kyoto, Japan), and the average value of the 3 measurements was used for analysis.

2.3. Biochemical measurements
-----------------------------

After overnight fasting (≥12 hours), blood samples were collected between 07:00 and 08:00 h and separated by centrifugation. Fasting glucose, fasting insulin, fasting c-peptide, blood urea nitrogen (BUN), Cr, cystatin-c, serum uric acid (sUA), alpha-fetoprotein, carbohydrate antigen 19-9, carcinoembryonic antigen, neuron-specific enolase, D-dimer, serum lipids (triglycerides, total cholesterol, and low- and high-density lipoprotein cholesterol), plasma tHcy, and insulin levels were measured using the Beckman Coulter AU5800 Clinical Chemistry analyzer (Beckman Coulter, Inc, Brea, CA). Using a high-performance liquid chromatography system (Beckman Coulter, Inc), glycated hemoglobin concentrations were assessed.

2.4. Insulin secretion and insulin sensitivity or resistance indices
--------------------------------------------------------------------

As an index of insulin resistance (homeostatic model assessment index of insulin resistance \[HOMA-IR\]), homeostasis model assessment was done to evaluate insulin resistance status, using the formula HOMA-IR = (fasting glucose \[mmol/L\] × fasting insulin \[mIU/L\]/22.5).^\[[@R12]\]^ The following formula was used to calculate homeostatic model assessment (HOMA) of β-cell function as an index of insulin secretion:^\[[@R12],[@R13]\]^ HOMA-β = fasting insulin (mIU/L) × 20 /(fasting glucose \[mmol/L\] − 3.5). The quantitative insulin check index (QUICKI) was calculated as an index of insulin sensitivity using the formula^\[[@R13]\]^ QUICKI = 1 /\[log10 fasting glucose (mg/dL) + log10 fasting insulin (mIU/L)\].

2.5. Classification of renal dysfunction
----------------------------------------

The UmALB/Cr ratio and serum levels of BUN, Cr, and cystatin-c were determined using the Beckman Coulter AU5800 Clinical Chemistry analyzer (Beckman Coulter, Inc). The estimated glomerular filtration rate (eGFR) was used to evaluate renal function according to the Chronic Kidney Disease Epidemiology Collaboration equation.^\[[@R14]\]^

2.6. Measurements of plasma tHcy concentrations
-----------------------------------------------

Plasma tHcy concentrations were measured by the enzymatic cycling method using a commercial kit (Beckman Coulter, Inc) in accordance with the manufacturer\'s instructions. For human tHcy measurements, the assay has a sensitivity of \<10.0 μmol/L with intra- and interassay coefficients of variation of \<10% and \<5%, respectively.

2.7. Statistical analysis
-------------------------

All statistical analyses were conducted using IBM SPSS Statistics for Windows version 22.0 (IBM Corporation, Armonk, NY). Normal distribution of the data was tested using Kolmogorov--Smirnov test. Normally distributed data and data with skewed distributions are presented as mean ± standard deviation and median and interquartile range, respectively. Categorical data were compared with the *χ*^2^ test. The Kruskal--Wallis H test or one-way analysis of variance was performed to identify differences in continuous variables among the 4 groups. For multiple testing among groups, one-way analysis of variance or the Kruskal--Wallis H test was used followed by Bonferroni correction. Bivariate correlation analysis was performed to identify correlations between tHcy levels and other variables. For the identification of independent factors related with tHcy, multiple stepwise regression analysis was performed while controlling for covariates. Non-normally distributed data were log-transformed (e.g., log-tHcy) before correlation analysis as well as multiple stepwise regression analysis. Plasma tHcy concentrations for the detection of DKD were derived from receiver operating characteristic (ROC) curves. A 2-sided probability (*P*) value of \<.05 was considered to be significant. For power analysis, according to the plasma tHcy concentrations and number of study participants in the 4 groups, the effect size was 0.636.

3. Results
==========

3.1. Characteristics of the study participants
----------------------------------------------

The clinical characteristics of the 221 study participants (≥60 years) are presented in Table [1](#T1){ref-type="table"}, whereas those of the 59 older patients (≥75 years) are presented in Table [2](#T2){ref-type="table"}. We observed that sex ratio and mean body mass index between the patients aged ≥60 and ≥75 years were similar. As expected, according to the UmALB/Cr ratio, tHcy, systolic blood pressure (SBP), WC, HC, T2DM duration, fasting glucose, sUA, D-dimer, eGFR, (*P* \< .01), fasting c-peptide and high-density lipoprotein cholesterol (*P* \< .05) increased in patients aged ≥60 years. Among the older patients (≥75 years), T2DM duration, sUA (*P* \< .01), and fasting c-peptide (*P* \< .05) relatively increased. Among the patients aged ≥75 years, no significant differences were noted in plasma tHcy levels among the groups (*P* = .334).

###### 

General clinical and laboratory parameters of older Chinese patients with T2DM aged ≥60 y.
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General clinical and laboratory parameters of older Chinese patients with T2DM aged ≥75 y.
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3.2. Plasma tHcy concentrations
-------------------------------

Plasma tHcy levels significantly increased in patients aged ≥60 years (Fig. [1](#F1){ref-type="fig"}A). Significant differences were noted in UmALB/Cr ratios among groups A to D (8.40 ± 4.25, 10.98 ± 6.64, 9.68 ± 4.50, and 16.23 ± 8.94, respectively, *P* = .000). However, in older patients aged ≥75 years, no significant differences were noted in plasma tHcy levels (*P* = .334; Fig. [1](#F1){ref-type="fig"}B).

![A, Median (IQR) plasma tHcy levels in Chinese T2DM patients aged ≥60 years. B, Plasma total homocysteine levels (median (IQR) marked) in older than 75 years of Chinese older patients with T2DM. T2DM = type 2 diabetes mellitus.](medi-99-e20737-g003){#F1}

3.3. Correlations between plasma tHcy concentrations and the clinical parameters
--------------------------------------------------------------------------------

Bivariate correlation analysis indicated that plasma tHcy levels (log-transformed) in patients aged ≥60 years were positively correlated with log-transformed diastolic blood pressure (DBP) (*r* = 0.197, *P* = .006), WHR (*r* = 0.178, *P* = .018), fasting c-peptide (*r* = 0.242, *P* = .001), Cr (*r* = 0.474, *P* = .000), BUN (*r* = 0.201, *P* = .005), UmALB/Cr (*r* = 0.262, *P* = .000), and sUA (*r* = 0.341, *P* = .000), but it negatively correlated with log-eGFR (*r* = −0.370, *P* = .000; Table [3](#T3){ref-type="table"}). Correlation analysis indicated that plasma tHcy concentrations (log-transformed) positively correlated with log-Cr (*r* = 0.317, *P* = .016), BUN (*r* = 0.136, *P* = .312), cystatin-c (*r* = 0.309, *P* = .041), and D-dimer (*r* = 0.389, *P* = .003; Table [4](#T4){ref-type="table"}). Plasma tHcy levels (log-transformed) negatively correlated with log-eGFR (*r* = −0.304, *P* = .021). The clinical parameters (T2DM duration, WHR, DBP, fasting c-peptide, UmALB/Cr, Cr, BUN, sUA, and eGFR) of each category are shown in Table [5](#T5){ref-type="table"}. After adjusting for covariates associated with tHcy, WHR, DBP, fasting c-peptide, UmALB/Cr, Cr, BUN, sUA, and eGFR were eventually excluded from the logistic regression model (Table [5](#T5){ref-type="table"}). WHR, DBP, fasting c-peptide, UmALB/Cr, Cr, BUN, sUA, and eGFR were identified as independent factors associated with plasma tHcy concentrations in patients aged ≥60 years (*P* = .018,.006,.001,.000,.000,.005,.000, and.000, respectively). After adjusting for covariates associated with tHcy, DBP, fasting insulin, Cr, fasting c-peptide, total cholesterol, low-density lipoprotein cholesterol, D-dimer, and eGFR were removed from the logistic regression model (Table [6](#T6){ref-type="table"}). DBP, fasting insulin, Cr, fasting c-peptide, total cholesterol, low-density lipoprotein cholesterol, D-dimer, and eGFR were identified as independent factors associated with plasma tHcy concentrations in patients aged ≥75 years (*P* = .037,.033,.018,.028,.017,.002, and.021, respectively). After adjusting for covariates associated with tHcy, fasting c-peptide and Cr were removed from the multiple stepwise regression model (Table [7](#T7){ref-type="table"}). Fasting c-peptide and Cr were identified as independent factors associated with plasma tHcy concentrations in patients with T2DM aged ≥60 years (*P* = .031 and.000, respectively). After adjusting for covariates associated with tHcy, fasting insulin and Cr were removed from the multiple stepwise regression model. Fasting insulin and Cr were identified as independent factors of patients aged ≥75 years (*P* = .028 and.002, respectively, Table [8](#T8){ref-type="table"}).

###### 

Bivariate correlation between plasma tHcy levels and other variables (≥60 y).
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Bivariate correlation between plasma tHcy levels and other variables (≥75 y).
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Logistic regression analysis: factors associated with plasma tHcy levels in older Chinese T2DM patient aged ≥60 y.
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Logistic regression analysis: factors associated with plasma tHcy levels in older Chinese T2DM patient aged ≥75 y.
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###### 

Multiple stepwise regression analysis: independent factors associated with plasma tHcy levels in Chinese patients with T2DM (≥60 y).

![](medi-99-e20737-g008)

###### 

Multiple stepwise regression analysis: independent factors associated with plasma tHcy levels in Chinese patients with T2DM (≥75 y).
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3.4. Plasma tHcy concentrations and DKD
---------------------------------------

The crude area under the ROC curve (AUC) of tHcy to predict the presence of DKD was 0.636 \[95% confidence interval = 0.545--0.727\], suggesting that plasma tHcy is a potential biomarker of DKD (Fig. [2](#F2){ref-type="fig"}).

![The crude AUC of the ROC curve of plasma total homocysteine for predicting the presence of DKD. AUC = crude area under the ROC curve, DKD = diabetic kidney disease, ROC = receiver operating characteristic.](medi-99-e20737-g010){#F2}

4. Discussion
=============

Older patients with T2DM are a rapidly emerging population presenting important clinical challenges. Individuals in this diverse group can widely differ in physical and pathological statuses that can increase the risks of complications and negatively impact glycaemic control, disease severity as well as the quality of life. Diabetic nephropathy risk is increased in older patients with T2DM. DKD is a critical complication associated with T2DM with an increasing prevalence worldwide.^\[[@R15]\]^ The proportion of older patients with T2DM and DKD is predicted to increase from 15% to 25%.^\[[@R16]\]^ Diabetic nephropathy is the primary complication associated with T2DM, leading to kidney failure.^\[[@R17]\]^ DKD is defined as a progressive increase in urinary albumin excretion (UAE), which leads to a decrease in glomerular filtration and eventually renal failure.^\[[@R18]\]^ DKD is also the most important cause of end-stage renal disease, which is an independent risk factor for cardiovascular disease as well as increased mortality. Furthermore, 30% patients with T2DM develop renal disease.^\[[@R19],[@R20]\]^ UmALB/Cr, Cr, urea, eGFR, UAE, and cystatin-c are important biomarkers of renal injury. Of these, UAE is used for the diagnosis and prognosis of DKD because it helps in the early detection of renal parenchymal injury.^\[[@R21],[@R22]\]^ Cystatin-c is another important biomarker of renal injury, which is a low-molecular-weight protein synthesized by nucleated cells, and functions in the regulation of cysteine proteases. Furthermore, cystatin-c has been reported as a very promising marker for the early detection of end-stage renal disease in patients with T2DM.^\[[@R22],[@R23]\]^

Older patients with T2DM have high rates of premature death, functional disability, and coexisting illnesses such as hypertension, coronary heart disease, and stroke compared with those without T2DM. Cho et al^\[[@R24]\]^ reported that hyperthermia is associated with increased microalbuminuria risk in patients with T2DM, which is in accordance with the concept that hyperthermia has an etiological role in the pathogenesis of diabetic neuropathy (DN). Abbasi et al^\[[@R25]\]^ proposed that early identification of risks associated with T2DM and microvascular complications helps in the introduction of preventive interventions to stop or to delay disease onset that is crucial in decreasing morbidity and mortality in patients with T2DM in addition to microvascular complications.

Therefore, the present study described the relationship among plasma tHcy levels, different biochemical measurements, and biomarkers to assess the association between plasma tHcy and renal disease in older Chinese patients with T2DM. However, few studies have investigated these potential associations. Several biomarkers such as C-reactive protein, adiponectin, and gamma-glutamyl transpeptidase, are associated with an increased risk of developing T2DM.^\[[@R26]\]^ Wang et al reported that increased plasma tHcy levels correlated with a greater risk of renal failure, which is characterized by a rapid decrease in eGFR. Moreover, plasma tHcy is significantly associated with decreased eGFR after controlling for other factors that promote disease progression. Plasma tHcy acts as an independent risk factor as well as an early predictor of the progression of DN in patients with T2DM.^\[[@R27]\]^ Deebukkhum et al^\[[@R28]\]^ found that decreased eGFR associated with increased tHcy levels may present a higher risk for future DN. The left ventricular mass index, carotid intima media thickness, and Cr level positively correlated with plasma tHcy levels. Therefore, plasma tHcy might be a useful predictor of end-organ damage like cardiac, carotid, and renal diseases in patients newly diagnosed with T2DM.^\[[@R29]\]^ A previous study found that hypertension and plasma tHcy and triglyceride levels significantly associated with an increased DKD risk and have been used as a risk prediction model with good test performance and discriminatory capacity. Their observations suggest that increased plasma tHcy levels are associated with an increased DKD risk in Chinese diabetic patients.^\[[@R30]\]^

There were 3 crucial findings in the current study. First, according to the UmALB/Cr in Chinese patients aged ≥60 years, plasma tHcy levels, and SBP, WC, T2DM duration, fasting glucose, sUA, D-Dimer, and eGFR were statistically significant in each group (*P* \< .01), although no significant difference was noted in plasma tHcy levels among Chinese patients with T2DM aged ≥75 years (*P* = .334); however, significant differences were noted among T2DM duration, sUA (*P* \< .01), and fasting c-peptide (*P* \< .05). Second, in this study, plasma tHcy concentrations in patients with T2DM aged ≥60 years positively correlated with log-DBP, fasting c-peptide, Cr, BUN, UmALB/Cr, and sUA, but negatively correlated with log-eGFR. Meanwhile, the results of multiple stepwise regression analysis suggested that fasting c-peptide and Cr independently associated with plasma tHcy in patients with T2DM aged ≥60 years, whereas fasting insulin and Cr levels were independently associated in those aged ≥75 years. Lastly, in this study, the crude AUC of plasma tHcy for prediction of the presence of DKD was 0.636 (95% confidence interval  = 0.545--0.727), suggesting that plasma tHcy is predictive of the risk for DKD. Unfortunately, the number of older patients with T2DM aged ≥75 years participating in this study was relatively less. Hence, a larger population is needed to confirm the cut-off value of plasma tHcy for predicting DKD, unlike other predictors, such as Cr and BUN.

This hospital-based observational study is the first to provide clinical evidence on the role of circulating tHcy in developing DKD. However, the present study has several limitations that need be addressed. First, the study is based on a cross-sectional design and the cohort was relatively small. Therefore, these findings need be confirmed in other ethnicities and in larger prospective cohort studies. Second, as an observational study, a cause-and-effect relationship could not be confirmed between plasma tHcy and physiopathologic DKD mechanism. Both in vitro and in vivo studies are necessary to elucidate the underlying mechanisms. Third, because of the study design and limited funds, we were only able to determine the plasma tHcy concentrations in DKD. Other data for the prediction of DKD were not available. Therefore, further studies are required.

5. Conclusion
=============

Plasma tHcy concentrations are relatively elevated in older patients with DKD, especially those aged ≥75 years. Our data suggest that tHcy might serve as a biomarker for the development of DKD in older patients, but it is not ideal for predicting T2DM. Nonetheless, this study is the first to report plasma tHcy as a marker of DKD in older Chinese patients with T2DM, especially those aged ≥75 years. These findings provide new clinical insights into the roles of tHcy in DKD pathogenesis.
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